A theoretical space propulsion concept in which a system does not lose its ionized propellant is introduced. Due to the fact that no propellant mass is lost by the system, the theoretical propulsion concept is synonymous to a form of propellant less propulsion similarly to the EM Drive. Therefore, a summarization of the EM drive including a brief description of other advances in ion propulsion is given along with a comparison to the new theoretical propulsion concept to be introduced. The orthogonal fluid flow propulsion concept or OFFPC describes orthogonal fluid flows of ionized propellant injected by orthogonal nozzles into an enclosed chamber where the ionized propellant is governed by electric forces generated by the chamber walls and will be mathematically shown to generate thrust. Inevitably, Newton's third law and momentum conservation are addressed in relation to the OFFPC. Specifically, aerodynamic momentum conservation in a controlled volume system is used to show that the OFFPC obeys momentum conservation after elucidating the role of Newton's third law within the theoretical system. The capability of a propulsion system incorporating the OFFPC to regenerate a portion of its electric energy (and voltage) similarly to an automobile alternator will be mathematically expressed. Thus, a description of how the system exhausts energy as with any conventional system is given to show that a propulsion system incorporating the OFFPC is not a perpetual motion device. Lastly, a mathematical demonstration of a hypothetical vehicle is given to show quantitative results and theoretical performance figures produced by the OFFPC.
Introduction
The publication of Roger Shawyer's EM Drive or electromagnetic drive along with apocryphal experimental confirmations has spotlighted the concept of propellant less propulsion. NASA scientist have tested the EM drive concept (among other institutions) and have found that the system can generate 1 Newton of thrust for every megawatt of power generated via electromagnetic waves within an enclosed chamber (Thompson, 2017) . However, other experiments have shown that the validity of the EM drive concept is doubtful. Despite of how controversial the EM drive is, the prospect of a space propulsion system that is completely electrically dependent while expelling no propellant is quite stimulating to the development of innovative space propulsion research. The EM drive in junction with advances in ion propulsion are enriching to the field of space propulsion. The latest Advancements in ion propulsion have been made by the company Ad Astra founded by former astronaut Franklin Chang Diaz (Nadis, 2014) . The company has developed ion rockets that have accelerated super-heated Argon gas up to velocities of 100,000 mph (Nadis, 2014) . Thus evolutions in ion propulsion are underway and will reduce spacecraft transit times significantly. As is widely known in the propulsion engineering field, ion propulsion is fuel efficient, low powered, and has the potential to produce high velocities over time in space travel (NASA, 2016 ). An additional advantage to ion propulsion is that the majority of its power is produced by electricity (NASA, 2016) . However, like conventional rockets, ion or plasma rockets will eventually deplete their propellant supply (in most cases Xenon and Argon gas) (Nadis, 2014) (NASA, 2016) . This sets the premise of the assertion of this paper. This paper introduces a theoretical propulsion concept which incorporates ion propulsion which similarly to the EM drive, does not lose propellant within an enclosed chamber. Thus, propulsion systems incorporating the theoretical propulsion concept generates thrust by circulating an ionized gas within an enclosed chamber as opposed to electromagnetic waves within a tapered enclosed chamber as with the EM Drive, hence the phrase within the title "a fluidic alternative to the EM drive". An arrangement of orthogonal fluid injectors (or nozzles) injects accelerated ionized gas into an enclosed chamber where electric forces generated by the chamber walls within the chamber govern the ionized gases. It will be mathematically shown that the ionized propellant injected by the orthogonal nozzles can generate thrust within the enclosed chamber and be recycled while obeying Newton's third law. Additionally, it will be shown that the law of conservation of momentum is obeyed within the theoretical concept. This theoretical propulsion concept is referred to as the orthogonal fluid flow propulsion concept or OFFPC.
Prior to introducing the core mathematics describing the physical attributes of the OFFPC, a one section description (section 1) of the EM drive and its core equations is given along with a brief comparison to the OFFPC. Section 2 presents a mathematical description and formulation of the core equations and mathematical expressions of the OFFPC, but more importantly, section 2 introduces the concept's obedience to (as previously expressed):  Newton's third Law(with its relationship to momentum conservation)  Aerodynamic momentum conservation in controlled volume systems Thus after showing the important relationships to the aforementioned pivotal aspects of physics, derivations of the equations describing the electric forces generated by the chamber walls which govern the ionized propellant within the enclosed chamber are introduced (see sections 3 and 4). The OFFPC's ability to recycle its propellant will theoretically give an OFFPC propulsion system the ability to regenerate a small portion of its electric energy similarly to an alternator of an automobile. The OFFPC's ability to regenerate a portion of its energy is described and elucidated mathematically in section 5. One can impetuously conclude that the OFFPC assertion is that of a perpetual motion device as such criticisms faced (and continue to face) the EM drive. In response to this natural assumption, section 6 gives a description as to how the system expends, dissipates, and distributes energy like any real world system. Lastly, experimental values are applied to a hypothetical motor which incorporate the core equations and mathematical expressions of the OFFPC expressed throughout the paper to demonstrate and show performance figures that will convey the possibility of the theoretical propulsion concept in the conclusion.
A Summary of the EM Drive
As communicated in the introduction, the conception and introduction of the EM drive although controversial, has opened possibilities and awareness to new theoretical forms of propulsion such as the orthogonal fluid flow propulsion concept (OFFPC). Thus we give a mathematical summarization of Roger Shawyer's EM drive and a brief comparison to the OFFPC. To ensure the accuracy in the exposition of the EM drive, the following summary of the mathematics of the EM drive is meticulously extracted from Roger Shawyer's EM drive paper published by SPR LTD titled "A theory of microwave propulsion for space craft" (Shawyer, 2006) . In commencing with a description of the EM drive, a magnetron emits microwave energy into the vacuum of a tapered cavity which constitutes an enclosed chamber to which one end has a greater area than the opposite end . The tapered cavity of the EM drive is depicted in figure 1 below (Shawyer, 2006) .
The equation of force exerted by radiant energy emitted into the enclosed chamber is expressed such that (Shawyer, 2006) :
Where (or as depicted in figure 1 ) is the force value exerted onto the structure of the enclosed chamber, is the power associated with the radiant energy, and is the speed of light (Shawyer, 2006) . The value of power in Eq.1 can be mathematically expressed such that (Shawyer, 2006) :
Where is the number of photons per unit volume, is Planck's constant, is the frequency pertaining to the emitted electromagnetic microwaves, is the cross sectional area through which the electromagnetic energy propagates, and is the speed of light (Shawyer, 2006) . The group velocity associated with the radiation is denoted (Shawyer, 2006) . The group velocity is mathematically associated with the electromagnetic force such that (Shawyer, 2006) :
The group velocity values associated with both ends of the tapered cavity which is an enclosed chamber are denoted and which correspond to the force values and (Shawyer, 2006) . Thus the group velocity and force values of and pertain to the larger end (of greater area) of the tapered chamber while group velocity and force pertain to the smaller end (of lesser area) (Shawyer, 2006) . The values of force and at both ends of the tapered cavity can be expressed such that (Shawyer, 2006) :
Additionally, in the case of a standing wave, the electromagnetic forces within the enclosed chamber (or tapered cavity) exerted along the tapered side walls continually cancel each other in opposite directions until the end wall plates (Shawyer, 2006) . Therefore, the force values and at the end wall plates which pertain to the electromagnetic waves of radiation are maximum ( )and minimum ( ) force values at the end plates (e.g. ) (Shawyer, 2006) . Conclusively, the total thrust value (or as depicted in figure 1) is the difference between force values and that does not equal zero due to the inequality as expressed below (Shawyer, 2006) . (6) The group velocities and in Eq. 6 above are of the form (Shawyer, 2006 ):
Where and are constants pertaining to the dielectric material of the smaller end of the enclosed chamber which are set to unity ( ), the group velocities and are related to initial wavelength and wavelengths and such that (Shawyer, 2006) :
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The radiation exerting pressure on the enclosed tapered chamber pertains to electromagnetic energy which implies that the group velocities must adhere to relativistic principles, thus group velocities and must obey Einstein's law of addition of velocities (Shawyer, 2006 ). Einstein's law of addition of velocities adheres to the form of Eq.11 below (Shawyer, 2006) . (11) Applying Einstein's law of addition of velocities to the group velocities and of thrust equations of Eq.6 and 10, one obtains (Shawyer, 2006): (12) Due to the incorporation of Einstein's law of addition of velocities, the thrust equation of Eq.12 has been corrected to include correction factor which has a value of Eq. 13 below (Shawyer, 2006) .
In deriving a final mathematical expression describing a thrust value of the EM drive, an additional correction must be implemented due to the fact that the smaller end of the tapered enclosed chamber is composed of a dielectric material to ensure a reflection free section of the chamber (Shawyer, 2006) . Thus, the group velocity pertaining to the smaller end of the chamber is adjusted to describe the dielectric medium of the smaller end of the tapered enclosed chamber (Shawyer, 2006) . Thus group velocity takes on a value such that (Shawyer, 2006) :
Where is the wavelength of the unbounded dielectric medium, is the guide wavelength at the end plate of the dielectric section, and is a constant pertaining to the dielectric medium (Shawyer, 2006) . Substituting the value of Eq.14 into the thrust equation of Eq.12, gives the final form of the EM drive thrust equation such that (Shawyer, 2006): (15) At this juncture, the core function of the EM drive is well elucidated mathematically, thus we introduce and briefly compare the theoretical OFFPC propulsion system to the EM drive. As stated in the introduction, the OFFPC propulsion system uses an orthogonal arrangement of fluid streams consisting of ionized propellant which are injected into an enclosed chamber. The walls of the enclosed chamber generate electric fields whose forces (both repulsive and attractive) govern the ionized propellant. It is shown (in the following sections) that the ionized propellant is recycled and reused and thus is not lost to the vehicle while producing thrust similarly to the EM Drive. Hence, there is no loss or reduction in propellant mass, therefore, in a sense, the OFFPC is a form of propellant less propulsion and is electrically dependent as with the EM drive. In essence, the OFFPC propels itself off of its own internal atmosphere and can potentially produce higher thrust values as compared to the EM Drive.
The Orthogonal Fluid Flow Propulsion Concept (OFFPC)
The core of the theoretical orthogonal fluid flow propulsion concept will be explicated in mathematical detail in section 2. In the exposition of the OFFPC, it is pivotal to the assertion to incorporate:  Newton's third Law (with its relationship to momentum conservation)  Aerodynamic momentum conservation in controlled volume systems Thus the aforementioned points will be addressed shortly. Thus, prior to beginning a heuristic formulation of equations defining the OFFPC, it is important to emphasize the fact that all vehicle designs potentially featuring the orthogonal fluid-flow propulsion concept operate with orbital trajectories, thus all motion calculations of vehicles utilizing the OFFPC are to be applied at orbital altitudes and velocities or greater. From a practical and theoretical basis, the orthogonal fluid-flow propulsion concept will not produce enough power and thus thrust to achieve gravitational escape velocity. Hence, the system is suited for long duration space-flight similarly to conventional ion propulsion systems.
Therefore, in commencing with the formulation of the core equations and core concepts, a form of plasma (typically xenon gas) is injected into an enclosed chamber via three orthogonally oriented nozzles or injectors as shown in figure 2. The propellant is ionized by the conventional method of electron bombardment (for the purposes of this explanation) (NASA, 2016) . Thus, the propellant plasma is injected with high-energy electrons using a discharge cathode (NASA, 2016) . Initially, the propellant plasma has an even amount of positively charged atoms and negatively charged atoms prior to being bombarded by the electrons (hence a gas with a virtually neutral charge) (NASA, 2016) . After the collision of high energy electrons, electrons are knocked free within the gas resulting in the propellant inheriting a dominantly positive charge (NASA, 2016) . The positive charge of the ionized gas will be shown to be important to how the ionized propellant is governed within the enclosed chamber of the vehicle while generating propulsion or thrust via the OFFPC. High-strength magnets prevent electrons from freely reaching the discharge channel walls within the injector (NASA, 2016) . This lengthens the time that electrons reside in the discharge chamber and increases the probability of an ionizing event (NASA, 2016) .The positively charged ions of the propellant migrate toward grids that contain thousands of very precisely aligned holes (apertures) at the aft end of the ion thruster (i.e. the injector) (NASA, 2016) . The first grid is a positively charged electrode (screen grid) (NASA, 2016) . A very high positive voltage is applied to the screen grid, but it is configured to force the discharge plasma to reside at a high voltage (NASA, 2016) . As ions pass between the grids, they are accelerated toward a negatively charged electrode (the accelerator grid) to very high speeds and expelled out of a nozzle into the enclosed chamber (NASA, 2016) . This process transpires in three separate nozzles producing three individual ionized fluid flows which have dynamic pressure values of (on the x-axis), (on the y-axis), and (also on the y-axis opposing the fluid flow of pressure value ) as illustrated in figure 2. With the exception of the injected ionized propellant, the enclosed chamber is a vacuum. The injecting nozzles and thus dynamic pressure values and on the y-axis are orthogonal to dynamic pressure value and its nozzle on the x-axis (which is the axis of travel of the vehicle) as shown in figure 2. Additionally, the positively charged ionized propellant fluid is kept from contacting the chamber side walls due to the repulsive force ( ) of the positively charged chamber side wall (which will be defined in mathematical detail in the section 4). Thus, due to positively charged repulsive force ( ), the positively charged ionized propellant is suspended or confined to the center of the open volume of the enclosed chamber along the x-axis as shown in figure 2.The chamber side walls are the lower plate surfaces of a capacitor which conduct electrons away from the chamber side wall surface generating a positive charge and a repulsive force to the positively charged ionized propellant which prevents the ionized propellant from exerting on the structure of the enclosed chamber via the chamber side wall. Resultantly, the ionized propellant makes no exertion on the x-axis in either direction via the side chamber wall. As shown in figure 2, the negatively charged electric force (defined in detail in section 3) will adhere or trap the ionized propellant to the forward chamber wall perpendicular to the direction and axis of travel (the x-axis) to create an inelastic collision (Young & Freedman, 2004) . The ionized propellant is a fluid, thus, the description of the ionized propellant within the enclosed chamber is required to be expressed in terms of pressure and energy. In fluid mechanics, pressure relates to energy via the pressure/energy density equation of (Hyper Physics, 2017) (Young& Freedman, 2004) :
Where denotes work or energy per enclosed chamber volume , therefore pressure also constitutes the energy density of the fluid i.e. the ionized propellant (Hyper Physics, 2017) (Young & Freedman,2004) . Thus, dynamic pressure relates to kinetic energy ( ) such that (Young &Freedman, 2004 ):
Where denotes the fluid velocity and denotes the fluid density ( ). Hence relating this to the OFFPC, the orthogonal fluid flows of dynamic pressure values , , and produced by the three nozzles relate to kinetic energy values , , and per volume such that:
Where , , and are the corresponding fluid velocities for each fluid flow. It must be noted that y-axis dynamic pressure values and are equal in magnitude ( ) as expressed below.
Additionally, the magnitude of the dynamic pressure value on the x-axis of dynamic pressure value must be greater than the combined sum of dynamic pressure values and oriented on the perpendicular axis (or y-axis) as conveyed by the inequality below. (22) The inequality above ensures that the more powerful fluid stream of dynamic pressure on the x-axis diverts the direction of the dynamic pressure of orthogonal streams and into the direction of the stream of dynamic towards the forward chamber wall; i.e. all of the fluid streams travel in the same direction on the x-axis after the collision of all of the streams of ionized propellant. The mass values of , , and corresponding to density values , , and produced by the three orthogonal nozzles are the mass values within the enclosed chamber over a time span . Therefore, each mass value , , and can be presented as the product of the mass per time rate ( ) and timespan as expressed below (Benson, 2013) . (23) Thus, the values of fluid densities on the x-axis and the y-axis of , , and within a chamber volume are expressed such that:
Therefore, we have the propellant density values produced by each nozzle within a timespan . The total pressure/energy of the colloidal mass of ionized propellant which is confined to the center of the enclosed chamber via the repulsive force (to be defined in section 4) pertaining to the positive charge of the side chamber wall as seen in figure 2 will be referred to as the suspended mass within the text. Thus, due to the energy density equation of Eq.16 ( ), the total kinetic energy of the suspended propellant mass denoted (the subscript referring to "suspended mass") associated with all three nozzles and thus fluid flows is the sum of the kinetic energy values of , , and such that (Young & Freedman, 2004) :
Where denotes the dynamic pressure of the suspended mass of all three fluid flows and denotes the volume of the enclosed chamber, Eq.27 can alternatively be expressed as: (28) Hence, the dynamic pressure or energy density of the suspended mass of the ionized propellant is given such that:
Or alternatively, in terms of energy density, dynamic pressure can be expressed in terms of kinetic energy per volume such that:
Hence, the dynamic pressure of all three fluid flows can alternatively be expressed as shown below.
( 31) The combined pressure all three fluid flows confined to the center of the chamber can be set equal to a single term such that : (32) The fluid velocity is the resultant velocity pertaining to the collision of all three propellant fluid flows confined to the center of the enclosed chamber via electromagnetic force; i.e. fluid velocity is the combined fluid velocity of the suspended propellant mass. Fluid density is the resultant density of all three propellant fluid flows. Fluid density per chamber volume takes on a value such that:
Thus Eq. 29-31 can then be re-expressed such that:
Therefore, solving Eq. 34 for velocity , the velocity of the suspended mass i.e. velocity takes on a value such that:
Force relates to pressure and area via the classical formula (Young & Freedman, 2004) . Thus, as the force exerted by the suspended mass of the fluid propellant on the forward chamber wall of area (as depicted in figure 2), force is exerted onto the forward chamber wall. Aerodynamic force which is normal to the forward chamber wall takes on a value such that:
Suspended mass force is alternatively expressed such that:
Newton's third law within the OFFPC: The establishment of Eq.37 above allows us to begin defining the OFFPC relationship to Newton's third law and the formulation of the equation of thrust pertaining to the enclosed chamber. Due to Newton's third law ( ), the x-axis component of force (i.e. the term or in Eq. 36-37) within the suspended mass force exerted on the forward chamber wall of area must equal the force exerted by the nozzle producing dynamic pressure located on the opposite end of the enclosed chamber (Young & Freedman, 2004) . The x-axis force value (i.e. ) within suspended mass force value of Eq.37 is highlighted in the equation below. (38) Therefore, x-axis force value takes on a value such that (Young & Freedman, 2004) :
Hence, due to Newton's third law, the force value denoted exerted by the x-axis nozzle on the end opposite to the forward chamber wall must be equal to the x-axis term of force of Eq. 39 ( ) within suspended mass force exerted on the forward chamber wall, this is mathematically expressed such that (Young & Freedman, 2004) : (40) The nozzle on the x-axis which is the axis of travel generates a force on one side of the enclosed chamber. In obtaining an expression for x-axis nozzle force , we acknowledge the general thrust equation denoted expressed below (Benson, 2013) : (41) Where ( , ) is the fluid velocity, ( ) denotes pressure, denotes mass per time such that (of Eq.23), and area is the nozzle opening area; force takes on the form of the thrust equation of Eq.41 (i.e. ) (Benson, 2013) . Where the initial values of velocities and pressure values are zero ( and )and the final velocity is and the final pressure is within the nozzle after ionization and after acceleration of the ionized propellant. Therefore, x-axis nozzle force takes on a value such that:
As previously expressed, the force value exerted by the nozzle denoted must equal the force exerted by force ( ) along the x-axis in accordance to Newton's third law (Young & Freedman, 2004) , this equivalence in force values can be expressed as Eq.43 below. (43) In satisfying Eq. 43, we solve for nozzle opening area , thus giving a value such that:
With the condition of the inequality of:
This is a prelude to the formulation an equation of total force or thrust exerted on the structure of the enclosed chamber and thus vehicle along the axis of travel (which is the x-axis). Total force or thrust exerted on the entire enclosed chamber (and thus vehicle) denoted along the axis of travel (the x-axis) is the difference between suspended propellant mass force and x-axis nozzle force on opposite ends of the enclosed chamber as shown below.
This can alternatively be expressed such that:
Eq.47 can be rearranged such that:
Where (for of Eq.44) due to Newton's third Law ( ), the x-components of fluid force highlighted above cancel out or equal zero as conveyed in Eq.49 below. (49) An important consideration is that although Eq.49 above is true for the value of nozzle area for the purpose of this formulation, Newton's third law must be obeyed for any variable. This implies that if Eq.49 is not true for nozzle area above, then Eq.49 must hold true for the variables of area , velocity , or density thus satisfying Newton's third law.
An important question one must ask in reference to Eq.49 is what occurs to the value of kinetic energy ( ) of the ionized propellant on the x-axis when the corresponding x-axis dynamic pressure values cancel out due to Newton's third law. One can rhetorically ask if the law of conservation of energy has been violated. This query is addressed in section 6 in detail, however, the simplest explanation to this question is that the force and thus energy is absorbed by the structure of the enclosed chamber and converted to thermal energy due to the fact that the ionized propellant is temporarily trapped to forward chamber wall via electric force ( ) as will be shown shortly. Therefore, in continuing the formulations; due to Eq.49, force of Eq. 48 can be expressed such that:
Which reduces to:
As previously expressed, due to the required inequality of of Eq.22, the direction of dynamic pressure values and is diverted along the x-axis toward the forward chamber wall upon the collision with the x-axis stream of dynamic pressure . Conclusively, total thrust has a nonzero value showing that the OFFPC does in theory generate thrust as conveyed below.
(52)
This can be congruently expressed as: (53) Essentially, the diverted pressure and energy of the y-axis dynamic pressure values , and after the collision of fluid streams generates thrust and thus force value on the x-axis. It will be shown that the definition of momentum conservation in the OFFPC is highly dependent on the inelastic collision of the ionized propellant with the forward chamber wall. The generation of thrust is also dependent on the inelastic collision of the ionized propellant with the forward chamber wall. Therefore, we begin with the description of the ionized propellant being trapped along the forward chamber wall. The part of the sequence pertaining to the movement of ionized propellant within the enclosed chamber that allow the ionized propellant to exit or egress through the recycle values (shown in figure 2) while transferring its kinetic energy to the entire structure of the enclosed chamber and hence vehicle to produce thrust will now be conveyed. Once the ionized propellant collides with the forward chamber wall, an electric force temporarily (within time span ) traps the propellant to the forward chamber wall causing an inelastic collision (Young & Freedman,2004) . Therefore, the electromagnetic adhesive force adheres or temporarily (within time span ) bonds the ionized propellant to the structure of the enclosed chamber and hence the entire vehicle. Figure 2 depicts the forward chamber wall which has a surface area and generates an electric force value of (to be defined in the next section). The magnitude of negatively charged electric force value is required to be much greater than the magnitude of the suspended mass fluid force value , which is the combined force exerted on area of the forward chamber wall by the ionized propellant. (54) This can alternatively be expressed such that: (55) The inequalities Eq. 54-55 is a required condition in order to sufficiently trap the charged particles of the ionized propellant in order to produce an inelastic collision (Young & Freedman, 2004) . It is Important to recognize the fact that the velocity of the ionized propellant becomes zero relative to the motion of the entire vehicle as the ionized propellant is trapped along the forward chamber wall via the negatively charged electric force generated by the forward chamber wall. This is analogous to a child running and jumping onto a scooter that is not in motion, the energy or momentum of the child is transferred into the motion of both the child and the scooter. Therefore, both the mass of the scooter and the child gain momentum and kinetic energy as a single object ( ) at velocity (Young & Freedman, 2004) . Thus, the electric force is representative of the gripping of the hands and shoes to which keep the child attached to the scooter as both move forward. The momentum value is the value of momentum enacted on the entire vehicle. Thus velocity value is the resultant velocity enacted on the entire vehicle corresponding to momentum value . Momentum has a value such that (Young & Freedman, 2004) : (56) Where mass is the mass value of the entire vehicle (including the enclosed chamber), electric force allows the sum of all mass values over area of the forward chamber wall and hence the temporary adhesion (or bonding) of propellant mass to the mass of the vehicle . Momentum of Eq.56 is set equal to momentum shown below.
Where momentum is equal to the product of time span and force of Eq.53 or 51 ( ), momentum is the amount of momentum exerted on the entire vehicle by the ionized propellant and the resultant momentum is which corresponds to the resultant vehicle velocity . Hence, the momentum constitutes the ionized propellant's impact and adhesion to the structure which produces and equal momentum of motion (i.e. of Eq.57) Conclusively, we see that momentum is conserved within the vehicle ( ). The fluids or propellant in the ionized propellant within the enclosed chamber possessing a closed volume will also show momentum conservation as will be shown shortly (See Eq.64). Therefore, Eq.57 can alternatively be expressed such that:
(58) Thus, the resultant vehicle velocity takes on a value such that:
The force of thrust enacted on the entire vehicle can be presented in the form of Newton's force equation (F=ma) such that (Young & Freedman, 2004) : (60) Where is the acceleration enacted on the entire vehicle, the force of thrust is set equal to force value of Eq.51 such that:
This can be alternatively expressed such that: (62) Hence, the propulsion system of the enclosed chamber will generate an acceleration value such that: (63) After temporarily bonding to the vehicle structure while transferring its energy, the ionized propellant mass then egresses from the chamber via the recycle valves located alongside the forward chamber wall. Thus Eq.63 completes a sufficient description of thrust and acceleration values exerted on the vehicle by the OFFPC. At this juncture, we are prepared to define momentum conservation within the OFFPC.
Momentum conservation in a controlled volume systems of the OFFPC At this juncture, the conservation of momentum issue can be addressed, more specifically, the conservation of momentum in an aerodynamic controlled volume (or fix volume) system. Aerodynamically, the OFFPC is a controlled volume system, hence, momentum conservation is mathematically described by the equation of (Penn state University, 2017):
Where denotes aerodynamic force along the axis of travel, the corresponding fluid density, is the velocity pertaining to the acceleration (or force/momentum) exerted by the fluid, is the volume element, pertains to the instantaneous change in area, and denotes the normal force which is perpendicular the cross sectional area of efflux (which is the area of the forward chamber wall) (Penn state University, 2017). Due to the positively charged repulsive forces of the chamber side walls ( ) of the OFFPC enclosed chamber, the ionized propellant does not come into contact with the chamber walls until the fluid comes into contact with the forward chamber wall, thus, the viscosity of the propellant does factor into calculations of Eq.64(Penn state University,2017). Additionally, it has been stated that propulsion systems incorporating the OFFPC are operated at orbital altitudes and beyond, thus, the effects of gravity on the ionized propellant within the enclosed chamber are nonexistent and thus excluded from the controlled volume momentum conservation equation of Eq. 64. The total aerodynamic force of the ionized propellant within the OFFPC enclosed chamber force is fluid force of Eq.37. Fluid force can be expressed in terms of Newton's force equation ( ), thus force is set equal to the product of a corresponding acceleration and an arbitrary mass value (e.g. ). The momentum value associated with aerodynamic force denoted is mathematically expressed in terms of time interval (such that: ) (Young & Freedman, 2004) . Thus, the total force of Eq.64 can be expressed in terms of a differential such that:
Therefore Eq.65 above is substituted into Eq.64 and density is set equal to of Eq.33 ( ), yielding the momentum conservation equation for a controlled volume in terms of the OFFPC such that:
The first term of Eq. 66 highlighted in yellow above, can be expressed such that (Penn state University, 2017):
Where denotes the enclosed chamber volume of the OFFPC and mass is the total propellant mass ( ) within time interval, evaluating the integral in respect to volume ( ) gives the value of the integral as shown in Eq.67 above. The latter term (and thus integral) of Eq.66 has a value such that (Penn state University, 2017 ): (68) Where and are the initial and final fluid velocities, and and are the initial and final cross sectional areas of the fluid flow which pertain to the continuity equation and thus the enclosed chamber (Penn state University, 2017). The corresponding density value is that of of Eq.33; recall that velocity is the velocity pertaining to the acceleration value and thus the aerodynamic force/momentum ( ) exerted by the fluid (or ionized propellant) (Penn state University, 2017). Conversely, the velocities of and of Eq. 68 pertain to the energy density/ pressure of the ionized propellant (as opposed to velocity ). As previously expressed, when the ionized propellant comes into contact with the forward chamber wall, the propellant is trapped by the force generated by the forward chamber wall producing an inelastic collision (Penn state University, 2017). Therefore, the initial velocity is equal to the fluid velocity of of Eq. 35 ( ) which is the velocity correlating to pressure , and the final velocity of the fluid is equal to zero ( ) due to the stoppage of the fluid on the forward chamber wall (Penn state University, 2017). As implied by figure 2, there is no change in the cross sectional area of the enclosed chamber, therefore, the initial and final cross sectional areas of and are equal to the forward chamber wall area of area ( ) which is also the cross sectional Area of the entire enclosed OFFPC chamber (Penn state University, 2017). Therefore applying the correlating values to Eq.68, Eq. 68 takes on a value such that: (69) Substituting, the value of Eq.67 and Eq.69 into Eq.66 gives the momentum conservation equation in the form of a differential equation such that:
This can equivalently be expressed such that ( ):
Algebraically rearranging Eq.71 above and after, solving for volume element gives:
Thus after evaluating both integrals in Eq.72, velocity value assumes a value of:
The conservation of momentum when applied to any system (either a fluid or solid object) states that with no external force acting on it, the variations of momentum in the system will equal the sum of momentum values initially introduced to the system, and therefore equal a constant. Thus, the velocity value of Eq.73 above is a solution to the conservation of momentum equation in a controlled volume system (Eq.64) (Young & Freedman, 2004 ) (The physics classroom, 2017). Conclusively, this shows that the OFFPC obeys the law of conservation of momentum in a controlled volume system.
An additional consideration is that the OFFPC does not only compass potential propulsion designs that feature three nozzles as depicted in this paper. OFFPC designs can incorporate multiple nozzles that are perpendicular to the x-axis nozzle i.e. various designs can feature more than two y-axis nozzles and thus more than two y-axis fluid flow streams.
The Generation of Adhesive Force via the Forward Chamber Wall
Section 3 introduces the formulation of the equation that describe the adhesive electromagnetic force generated by the forward chamber wall introduced in the previous section. The condition to which the forward chamber wall can produce a current sufficient to generate a negatively charged electric field and therefore an electric force strong enough to trap the positively charged ionized propellant (satisfying the inequality of Eq.54-55) will be derived. The equation for electric force is given such that (Young & Freedman, 2004 ):
Where is the value of the electric field generated by the forward chamber wall and is the negative charge of the electron (Young & Freedman,2004) . Electric field can be expressed such that (Young & Freedman, 2004 ):
Electric field generated by the forward chamber wall can be expressed as a differential equation, where voltage is differentiated in respect to spatial length as shown below (Young & Freedman, 2004) . (76) Thus, Eq.75 is substituted into Eq.76 and gives the equivalence:
This can be rearranged such that:
Therefore integrating both sides of Eq.78 in respect to voltage and length gives (Young & Freedman, 2004 ):
Where the limits of integration for the integrals of Eq.79 are from zero to forward chamber wall voltage and from zero to length , one obtains the equation shown below (Young & Freedman, 2004) . (80) Where is the value of current and is the corresponding resistance within the forward chamber wall; voltage is expressed such that (Young & Freedman, 2004) : (81) Substituting the value of Eq. 80 into Eq. 81 gives (Young & Freedman, 2004) : (82) Solving Eq. 82 for electric force gives Eq. 83 below which is the equation attractive electric force generated by the forward chamber wall. (83) Lastly, substituting the value of electric force into the inequality of Eq. 54-55 gives:
The Inequality of Eq.84 above is the required condition and value of voltage or electric current that the forward chamber wall of the enclosed chamber would have to generate in order to trap the positively charged ionized propellant. This permits the adhesion of the propellant mass to the vehicle mass which allows the required inelastic collision resulting in propulsion using the orthogonal fluid force vector propulsion concept.
The Repulsive Force of the Side Chamber Walls
At this juncture, we introduce the formulations of the equations describing the repulsive electric force generated by the side chamber wall which confines or suspends the ionized propellant to the center of the enclosed chamber. Area is the symmetric surface area of both upper and lower plates of capacitors built into the chamber side walls which are all separated from one another by a distance as shown in figure 3 . Insulated wires depicted on the lower plate (or chamber side wall) in figure 3 are conducting a current routed into the enclosed chamber and directs the current into the side chamber wall plate in a perpendicular orientation (at the connection points) as depicted in figure 3 . is conducted between the two plates. Where is the capacitance and is the charge of the chamber side wall plates, voltage can be expressed as Eq.85 below (Young & Freedman, 2004) . (85) Expressing voltage in terms of current and resistance gives Eq. 86 (Young & Freedman, 2004) . (86) Capacitance can be expressed in terms of chamber wall area , distance between the two plates, and the permittivity of free space such that (Young & Freedman, 2004) : (87) As previously mentioned, the insulated wires carry current up into the bottom plate (or the chamber side wall) and the upper plate hence conducting voltage and thus a flow of electrons from the bottom plate to the top plate (Young & Freedman, 2004) . Resultantly, this causes a positive charge on the chamber side wall or bottom plate as electrons transit to the upper plate (Young & Freedman, 2004) . This acquired positive charge on the lower plate which is the chamber side wall allows the repulsion of the positively charged ionized propellant from the forward chamber wall, thus Eq.85 can algebraically manipulated and expressed in terms of positive charge as follows (Young & Freedman, 2004) : (88) Charge can be expressed in terms of the permittivity of free space , the area of both plates, and electric field as shown below (Young & Freedman, 2004) . (89) Force ( denotes "side wall") is the repulsive force of the side wall chambers (Young & Freedman, 2004) . Where is the electric field associated with the chamber wall plate, electric field can be expressed in terms of electron charge and electric force associated with the chamber side wall (i.e. the lower plate) as shown below (Young & Freedman, 2004) . (90) Substituting Eq.90 into Eq.89 gives charge such that (Young & Freedman, 2004) : (91) Substituting Eq.86 and Eq.87 into Eq.88 alternatively gives charge such that (Young & Freedman, 2004) : (92) Setting equation Eq.91 equal to Eq.92 gives:
Thus solving Eq.93 for electric force generated by the side chamber wall plate gives the result in terms of current , resistance , electron charge , and the distance between the chamber wall plate and the lower plate gives:
Thus one obtains the equation of the repulsive positively charged force generated by the side walls of the enclosed chamber which confines the positively charged ionized propellant to the center of the enclosed chamber preventing the ionize propellant from coming into contact with the side chamber walls resultantly prevents exertion the x-axis between the ends of the chamber.
Energy Regeneration within the OFFPC
A portion or all of the power used in various potential designs incorporating the orthogonal fluid flow propulsion concept (OFFPC) will be produced by electricity. The advantage to the OFFPC is the possibility of regenerating a portion of the electricity lost thus contributing to the longevity of the power sources. Regeneration in the OFFPC is analogous to a car battery and an alternator. The average automobile battery will run for an approximate total of six hours without an alternator, however, with an alternator, the average car battery can last for up to six years. The property of electrical regeneration in the OFFPC allows longevity to possible designs that are battery powered or have reserve systems. Section 3 shows the mathematical process by which this is achieved. Figure 4 below, shows the ionized propellant that is trapped onto the forward chamber wall by electrical force which egresses through the recycle valves which lead to the generator turbine. Recall that once trapped, the velocity of the ionized propellant is zero relative to the motion of the entire vehicle. In this explanation, the design incorporates only two recycle valves, this is important to calculations. The pressure is the pressure value exerted on the ionized fluid by the electrical force value i.e. pressure value is the force of over area and thus over the forward chamber wall. Pressure value is expressed as Eq.95 below (Hyper physics, 2017) (Young & Freedman, 2004) . (95) This implies that (Young & Freedman, 2004) : (96) The density of the suspended ionized propellant within the enclosed chamber is the fluid mass of per volume of the entire enclosed chamber (( ). A stagnate point in the center of area of the forward chamber wall divides the fluids in half for the two recycle valves, thus the value of masses of is divided by two ( ). Therefore, the density of the fluids flowing into both recycle valves is half the value of density ( ). Therefore, density is half of density ( ) and is the density of the fluid egressing through each recycle valve. Density can be expressed as Eq. 97 below. (97) The fluid velocity becomes zero relative to the motion of the entire vehicle upon impact with the forward chamber wall as the fluid transfers its kinetic energy (and momentum) to the entire vehicle. Thus, the electric force of generated by the forward chamber wall essentially squeezes the fluid out of the chamber via the two recycle valves located alongside the forward chamber wall. Electric force exerts on the fluids on the forward chamber wall producing pressure of Eq.95, as the propellant velocity is zero relative to the motion of the entire vehicle. As shown in figure 4 , the fluid exiting the chamber exerts an aerodynamic force on the turbines within the recycle valves which is equal to the force exerted on the fluid by electromagnetic force (i.e. ) (Young & Freedman, 2004) . (98) Where denotes the discrete number of turbine blades, area denotes the area of each turbine blade, velocity is the tangential velocity of all of the turbine, angle is the angle of incident of each turbine blade and (of Eq.97) is fluid density of each valve. The aerodynamic force of the fluid (or ionized gas) flowing through each recycle valve exerting on the turbines is equal to electric force . Hence, aerodynamic force is set equal to force (of Eq. 83) as shown in Eq. 99. (99) Eq.99 can alternatively be expressed in terms of Eq. 83 such that:
Thus solving for tangential velocity (shown in figure 5 ) gives Eq.102 as shown below.
The friction of the spinning turbine is negligible for the purposes of this derivation. Figure 4 below shows one of the turbines rotating a copper wire within a perpendicular magnetic field at a tangential velocity of resulting from the egressing fluids. Consider the relationship of tangential velocity to angular velocity and radius ( ) traveled by the rotating wire (Young & Freedman, 2004) . Angular velocity can be expressed such that (Young & Freedman, 2004 ):
Where radius is the radial distance from to the center of rotation of the rotating copper wire, angular velocity corresponds to tangential velocity ( ) produced by the egressing ionized propellant rotating the turbine given by Eq. 104 below (Young & Freedman,2004) . (104) Substituting Eq.102 into Eq.104 gives angular velocity such that (Young & Freedman, 2004 ):
Consider the electric and magnetic flux of Faraday's law incorporating angular velocity of Eq.106 below (Young & Freedman, 2004) . (106) Where is the magnetic field encompassing the rotating the copper wire and is the spatial area encompassed by the magnetic field, the time derivative of flux gives the induced EMF (Young & Freedman, 2004) . (107) Hence, Eq.108 below gives the total voltage regenerated by a single valve of the OFFPC (Young & Freedman, 2004) . (108) Where and are the electric current and resistance of the rotating copper wire (Young & Freedman, 2004) ,
Eq.107 can be alternatively expressed such that (Young & Freedman, 2004 ):
Current is the portion of the electrical current sent to replenish the battery or power source allowing the longevity of the power source (or reserve system). Substituting Eq.106 into Eq.110; Eq.110 can alternatively be expressed such that (Young & Freedman, 2004) : (111) Thus Eq.111 above gives a mathematical expression of the potential electric power regenerated by the OFFPC allowing the longevity of electrical power sources in various designs.
Energy and Power Loss to the OFFPC System
Similarly to the EM Drive, the OFFPC will inherently be interpreted as a perpetual motion device. This section shows the power (and thus energy) loss experienced by the system as it operates. Similarly to the EM Drive, the OFFPC is an electrically driven system and does not lose mass due to the fact that the ionized propellant is recyclable. Therefore, the total amount of electric potential (or voltage) used to accelerate the propellant will be denoted . Thus electric potential can be expressed such that (Young & Freedman, 2004) : (112) Where is the electric current and is the resistance of the conducting medium, the corresponding value of electric potential energy is expressed such that (Young & Freedman, 2004) :
Where is the corresponding value of charge (Young & Freedman, 2004) , electric potential energy is the total amount of energy required to accelerate the ionized propellant out of all three fluid nozzles. Potential energy is then converted to kinetic energy ( of Eq. 28) which is the energy of the suspended mass of all three propellant fluid flows. Therefore, electric potential energy is equal to the energy of the suspended propellant mass of kinetic energy of Eq.27-28 as shown below (Young & Freedman, 2004) .
Or alternatively,
Where denotes the volume of the enclosed chamber, consider the vehicle velocity of Eq.69 gained by the vehicle per time value shown below.
The kinetic energy acquired by the vehicle as a result of propulsion generated by the OFFPC which is a function of vehicle velocity is expressed as (Young &Freedman, 2004) : (117) Substituting Eq.116 into Eq.117 allows Eq.117 above to alternatively be expressed such that:
The value of kinetic energy of Eq.118 above generated by the OFFPC is merely a portion of the total electrical potential energy value required to accelerate the ionized propellant. Thus, the value of vehicle kinetic energy inherited by the entire vehicle is less than the total amount of electrical potential energy ( ) required to accelerate the ionized propellant per time span . Thus, out of all of the energy required to accelerate the ionized propellant, only a smaller portion of energy is actually converted to thrust. The total energy generated by the vehicle's power source which operates the entire OFFPC propulsion system is denoted which is the energy value per time i.e. power value ( ) (Young & Freedman, 2004) . Energy is the sum of electric energy values required to operate the propulsion system, energy can be expressed such that:
Where is the corresponding charge value, the electric potential energy (for electric potential of adhesive force ) required to trap the ionized propellant on the forward chamber wall, and the sum of electric potential energy values (for electric potential sum ) required to generate the repulsive forces of the all of the chamber side walls (of force value ) (Young & Freedman,2004) . As expressed in the previous section, the turbines within the recycle valves to which the propellant egresses permits regeneration of voltage which is returned to the power source or other function (Young & Freedman, 2004) . Thus, the electric potential energy corresponding to voltage (of Eq.107-109) is expressed as for charge (Young & Freedman, 2004) . The electric potential pertains to one recycle valve, where the design presented in this paper incorporates 2 recycle valves of equal magnitude, therefore the total electric energy generated by both recycle values is given by . Thus, the portion of energy used for motion and the energy returned to the system via regeneration is the sum of vehicle kinetic energy (of Eq.118) and electric potential energy which is expressed below.
(120) Eq.120 above shows the absolute value of electric potential above (e.g. ). The sum of energies of Eq. 120 is a portion of energy , hence the sum of energies (i.e. ) must be less than the total energy output or energy (Eq.119) as conveyed by the inequality below.
The portions of energy that has not been used for motion or regeneration is denoted . Energy is the difference of energy and the sum of energies as shown below.
The pertinent question is what becomes of the excess energy . The answer is that the excess energy is converted into thermal energy within the propellant that is transferred to the structure of the enclosed chamber i.e. the energy is simply converted to heat. The transfer of energy from the propellant to the structure of the chamber occurs when the propellant contacts the forward chamber wall. Hence, we begin with the molecular energy of the ionized propellant. The kinetic energy of all of the molecules of the ionized propellant has a value such that (Hyper Physics, 2017) (Young & Freedman, 2004) : (123) Where is the root-mean-square speed of molecules composing the propellant, mass is the molecular mass of each molecule composing the ionized propellant and is the Boltzmann constant (Young & Freedman ,2004) . In Eq.123, is the number of molecules within the propellant. Thus molecule number has a value such that (Young & Freedman, 2004) : (124) Where is the number of molecules within the propellant, denotes the mass or total mass of the propellant, denotes the molar mass of the propellant, and denotes Avogadro's constant (Young & Freedman,2004) . In expressing kinetic temperature in terms of molecular kinetic energy gives a value such that (Hyper Physics, 2017) (Young & Freedman, 2004): (125) This can alternatively be expressed such that (Young & Freedman, 2004) : (126) Where is the gas constant and denotes the number of moles, the value of molecular velocity can be expressed such that (Young & Freedman, 2004): (127) Molecular velocity is also equal to the square root of the square velocity ( ), where is the average molecular velocity of the propellant and has a value of (Young & Freedman, 2004): (128) Due to the fact that all of the (repulsive or attractive) forces generated within the enclosed chamber enact on the ionized propellant, the energy of (which is a result of all of the enacting forces) is set equal to the molecular kinetic energy pertaining to the ionized propellant ( ), where is the number of molecules within the propellant as shown below (Young & Freedman, 2004) . (129) Therefore, the kinetic temperature equation which is the temperature inherited by the ionized propellant can be alternatively expressed in terms of the value of excess energy such that (Young & Freedman, 2004) : (130) Thus the kinetic temperature is the temperature acquired by the ionized propellant which is transferred to the vehicle structure. Resultantly, a portion of the energy will leave the system in the form of thermal photons i.e. thermal radiation contingent on the ambient temperature (Hyper Physics, 2017) (Young & Freedman, 2004) . The equation for power ( ) corresponding to the radiant energy emitted from the vehicle structure as the heat energy is transferred from the ionized propellant described by the Stefan-Boltzman law equation displayed below (Hyper Physics, 2017) (Young & Freedman, 2004) . (131) Where is the emissivity, is the area through which the radiation propagates, is Stefan's constant, and denotes the ambient temperature which is the temperature of the structure of the enclosed chamber and thus the surrounding vehicle (Hyper Physics, 2017) (Young & Freedman, 2004) . Thus, the thermal radiation leaving the entire vehicle as it pertains to energy can be expressed such that:
However, here we exclusively focus on the heat or radiant energy transferred to the structure of the enclosed chamber denoted which has a value such that (Hyper Physics, 2017) (Young & Freedman, 2004 ):
Substituting the value of temperature of Eq.130 into Eq.133 gives the heat value transferred to the structure of the enclosed chamber such that (Hyper Physics, 2017) (Young & Freedman, 2004): (134) In conclusion, a portion of the electrical energy is used to produce thrust (which is kinetic energy ) in the OFFPC and the other portion is partly returned while the rest is converted to heat and thus thermal energy which is partially emitted as radiation. Moreover, this shows that energy is lost by an OFFPC system as with conventional systems and must expend energy to continue to produce thrust.
Conclusion: Quantitative Results and a Hypothetical Demonstration
The most efficient way to show the plausibility of the OFFPC is to apply values of associated quantities to the equations and expressions of the OFFPC, thus describing a hypothetical motor. Therefore, the potential operation of the OFFPC will now be demonstrated via a hypothetical motor. Table 1 below contains the values to be used in the mathematical demonstration. Hence, the dynamic pressure value corresponding to the flow of ionized propellant injected into the enclosed chamber on the x-axis has a value such that: (138) Therefore, the dynamic pressure values and corresponding to the orthogonal flow of ionized propellant on the y-axis are given such that; (139) Resultantly, the dynamic pressure of all three fluid streams as they meet in the center of the enclosed chamber are given by pressure of Eq.31 expressed below.
Applying the values of Eq.138 and 139 to Eq.140 above gives a value of suspended mass dynamic pressure shown below. (141) As previously asserted, the magnitude of the pressure value on the x-axis must be greater than the combined sum of pressure values and oriented on the perpendicular axis (or y-axis) as conveyed by the inequality below
Or Alternatively,
The inequalities of Eq.142 and Eq.143 above shows that the more powerful fluid stream of on the x-axis diverts the direction of the dynamic pressure of orthogonal streams and into the direction of the stream of towards the forward chamber wall; i.e. all of the fluid streams travel in the same direction on the x-axis. Thus the values of pressure as they pertain to the hypothetical motor obey the inequality such that: (144) Recall that the ionized propellant is suspended to the center of the chamber via the electric positively charged force generated by the side wall. Hence, as the ionized propellant collides with the forward chamber wall of area a force value is produce of a value:
As expressed in Eq.47, the total thrust value on the x-axis of the enclosed chamber is given such that:
Hence, due to Newton's third law:
The x-axis terms of pressure are required to cancel out as conveyed below.
In this example, Newton's third law is mathematically satisfied by x-axis nozzle opening area as shown below.
Eq.149 above must be true for the condition of:
Substituting the given values into the inequality of Eq.150, we observe that the inequality of Eq.150 is satisfied as shown below.
Where the mass per time rate expressed in Eq.146, Eq.148, and Eq.149-150 has a values such that:
Conclusively, the thrust value given on the x-axis has a value such that:
Applying the values of table 1, the vehicle acceleration takes on a value of:
Thus, in producing an inelastic collision which results from the temporary adhesion of propellant mass to the vehicle mass (e.g. ) required to generate vehicle acceleration and thrust value ; the electric force generated by the forward chamber wall must be much greater than force of the suspended propellant mass exerted on the forward chamber wall as shown below. (155) Hence, we observe the absolute value of force generated by the forward chamber wall given such that:
Therefore, the values of force and force satisfy the inequality of Eq.155,
The value of voltage required to generate forward chamber wall force is given by the equation of:
Applying the values of table 1, the value of forward chamber wall voltage is given such that:
Admittedly, this voltage value is exorbitantly high however, it is necessary to capture and temporarily stop the propellant producing an inelastic collision. At this juncture, the movement and management of energy within the hypothetical motor can be mathematically demonstrated. Table 2 below contains values pertaining to the processes of power and energy within the OFFPC system. Table 2 . The values pertaining to the processes of power and energy within the OFFPC system
As previously expressed, a stagnate point in the center of area of the forward chamber wall divides the fluids in half , thus the value of masses of is divided by two ( ) as the propellant enters each recycle valve. Resultantly, the density of the fluids flowing into both recycle valves is half the value of density ( ). Therefore, density is half of density ( ) and is the density of the fluid egressing through each recycle valve. Density can be expressed as:
The value of the density flowing into both recycle valves is given such that:
The propellant flowing into each recycle valves drives two turbines which generate a voltage . The equation of electromotor force is given such that:
Applying the values of table 2 and associated quantities, the voltage generated by the turbines as the propellant egresses through the each recycle valve is given by:
Thus absolute value of voltage is given such that:
The corresponding value of potential energy denoted pertaining to both recycle valves takes on a value of:
The total amount of electrical potential energy required to accelerate the ionized propellant out of all three nozzles is denoted where denotes the corresponding voltage value as expressed below (167) The combined dynamic pressure of all three fluid/ ionized propellant flows per time span suspended to the center of the enclosed chamber via electric force generated by the chamber side walls is given by pressure . Due to the pressure energy relationship ( ), the energy required to generate a dynamic pressure value is the product of pressure and the volume of the enclosed chamber ( ) as shown in Eq.168. Thus, energy can be expressed in terms of fluidic dynamic pressure such that: (168) Applying values from table 1 give a value of energy such that:
In the task of calculating the management and movement of energy within the hypothetical OFFPC motor, the kinetic energy enacted on the entire vehicle is expressed by the equation below as derived in Eq.118 of section 6.
Applying the associated values gives a value of vehicle kinetic energy such that:
As expressed in table 2, the voltage value generated by the forward chamber wall to generate electric force to temporarily trap the ionized propellant corresponds to an electric potential which has a value of:
The sum of Electric potential energy values corresponding to voltage sum of required for the generation of the repulsive (or positively charged) force of each side chamber of section 4 Eq.94 has a given value such that: (173) Conclusively, the total electrical energy require to accelerate the ionized propellant out of all three nozzles, generate the repulsive force of the side chamber walls, and generate the adhesive force of the forward chamber wall is the sum of all three potential energy values , , and as expressed below.
Hence, applying the values of energies , , and to Eq. 174 above gives a value of energy such that:
(175)
The portion of energy recycled and converted to the kinetic energy of the entire vehicle is the sum of vehicle kinetic energy and the energy generated by the turbines within both recycle valves (i.e. ). This sum has a value such that: (176) The portion of the energy that was not recycled or converted to vehicle kinetic energy ( ) is the difference of energy output and energy sum as shown below.
Hence, the value of energy is then given by:
As expressed in Section 6, the energy that is not recycled or converted to vehicle kinetic energy is converted to thermal energy that is passed on from the propellant to the structure of the enclosed chamber and vehicle as the propellant contacts the forward chamber wall. In expressing the thermal energy that will be transferred from the propellant to the chamber structure, the average kinetic energy of the molecules of the ionized propellant is denoted as expressed in Eq.123 of section 6. Molecular kinetic energy is expressed such that: (179) Thus we see that, molecular kinetic energy is equal to energy as expressed in Eq. 179 above, where is the number of molecules within the ionized propellant. Molecular number can be expressed such that:
The propellant is composed of xenon gas which has a molecular weight of 132.906 (i.e. ) (Young & Freedman,2004) . The total mass is the sum of masses , ,and and has value of: (181) The number of molecules composing the ionized propellant is given as: (182) The temperature increase imposed on the structure of the enclosed chamber is expressed in terms of molecular kinetic energy such that:
Temperature can alternatively be expressed in terms of excess energy such that:
Applying the associated values of table 2 and the value of energy gives a value of temperature such that:
Thus, the value of Heat pertaining to the ionized propellant in terms of temperature is given such that:
Due to the performance figures used in this hypothetical demonstration, the value of is negligible, therefore, its value is excluded from this demonstration.
In conclusion, this mathematical demonstration of a hypothetical motor incorporating the theoretical OFFPC shows exorbitantly high voltage values for a very low thrust value as compared to the EM drive as well as other ion propulsion systems. However, it does show thrust values that are comparable to conventional ion propulsion systems with the advantage of a recyclable propellant. Moreover, the OFFPC is completely electrically dependent as with the EM drive due to the fact that the system does not lose mass as with conventional ion propulsion systems. The introduction of the OFFPC will hopefully inspire further research that will bring great improvements to its efficiency and to long duration space propulsion.
